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Anti-P. acnes Antibody in Comedonal Extracts 
JUERGEN KNOP, M.D., PH.D. , KARSTEN O LLEFS, M .D. AND PETER J . FROSCH, M .D. 
Departmen.t of Dermatology, Uniuersil.y of Mlinster, Mlin.sl.el~ F.R.C. 
Extracts of comedonal material obtained from patients 
with acne vulgaris were analyzed for albumin, IgG, IgM, 
IgA, and anti-Propionibacterium acnes antibodies using 
immunodiffusion and anti-immunoglobulin hemaggluti-
nation tests. Extracts were obtained from comedones of 
patients with (1) comedonal, (2) papulopustular, (3) nod-
ular-cystic, (4) "burned out" acne, (5) patients under oral 
tetracycline treatment, and (6) with pustules. In all co-
medonal extracts analyzed, albumin and IgG (ratio ap-
proximately 1:2.5) could be de tected. IgM, IgA, and C3 
could not be found in noninflamed comedones by the 
techniques used; pustules, however, contained all im-
munoglobulin classes and albumin in ratios found in 
serum as well as C3. The anti-Po acnes antibody activity 
in the comedonal extracts was associated with the IgG 
class. Immunofluorescence microscopical examination 
of material from single comedones obtained by the cy-
ano-acrylate technique showed IgG antibody on rod-
shaped bacteria. The amount of IgG and albumin in 
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HRBC: human red blood cells 
PBS: phosphate-buffered saline 
comedonal extracts from the various patient groups was 
not different. It is concluded that IgG (and antibody of 
the IgG class) in comedones is derived from the serum 
and selectively accumulated in the follicl e by an un-
known mechanism. 
The development of inflammatory acne vulgaris is not clearly 
defined. Comedones are generally accepted as primary lesions 
of acne vulgaris; inflammation is the result of a nonspecific and/ 
or an immunologically specific reaction directed to the material 
in the comedo. In a number of studies th e inflammatory poten-
t ial of Propionibacterium acnes and comedones has been ana-
lyzed [1-8]. During our investigation in which we analyzed t he 
lymphocyte-stimulating activi ty of comedonal extracts we ob-
served that immunoglobulin and antibody to P. acnes could 
frequently be found. We collected comedonal material from 
patients with inflammatory acne vulgaris and analyzed this 
material for albumin, the various immunoglobulin classes, and 
antibodies to P. acnes. It will be shown that comedones do 
contain IgG, a small amoun t of albumin, and antibod ies directed 
against P. acnes. 
MATERIALS AND METHODS 
Bacl.eria 
P. acnes stra ins Beck a nd Gerrath and P. granulosum. were obtained 
from the Dr. Rentschler Arzneimittel GmbH und Co., Laupheim 
(FRG) . They were grown in Eugoll broth for 4 days at 37°C, washed 
twice, a nd resuspended in physiologic saline. Preparation of a cell wall 
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extract by water-phenol extraction of the bacteria was prepared ac-
cording to the method described by Westphal et al [9]. One volume of 
bacteria (20 mg/ml dry weight) and 1 volume of phenol were incubated 
at 68°C for 50 min. After centrifugation the supernatant was recovered, 
dialyzed against 0.9% saline, and concentrated. The protein concentra-
tion as measured by the Lowry method [10] was 0.02 mg/ml, the 
carbohydrate content as measured by the Indol sulfonic acid method 
Ell] was 5.8 mg/ ml. 
Determination of Antibacterial Antibodies 
Preparation of antigen· labeled erythrocytes: Human red blood cells 
(HHBC, 0 rh-) were a lways obtained from the same donor. The cells 
were washed 3 times in 0.9% saline; a 20% suspension was prepared in 
phenol-water extract diluted 1/50 in 0.9% saline and incubated at 37°C 
for 30 min. The sensitized HHBC were used as 1% suspension. 
Passive hemagglutination test: This test was performed as described 
by Neoh and Howley [12]. The sensit ized red cells were added to 2-fold 
dilutions of the antibody preparation and incubated at 37°C for 45 min. 
The hemagglutinating endpoint was read after an add itional 3 hr at 
room temperature. 
Anti.immunoglobulin test: This test was used to increase the sensi-
t ivi ty of the passive hemagglutination test and to determine the anti-
body class [13l Twofold dilutions of the serum or comedonal extracts, 
starting at the previously determined hemagglutinating endpoint, were 
added to an equal volume of 1% phenol-water extract-coated HHBC, 
mixed, and incubated at 37°C for 15-20 min . A control containing 
phosphate-buffered saline (PBS) was included. After incubation the 
cells were washed with PBS and added to microtiter wells containing 
rabbit-antihuman [gA, IgG , or IgM (Behring-Werke AG, FHG) diluted 
1:1000. The plates were incubated at 37°C for 1 hr and the endpoints 
were read after a further 24 hr at room temperature. 
Immunofluorescence: The solid material of comedones which had 
been washed 3 times with PBS or cul tured bacteria were treated with 
fluorescein-labeled rabbit-antihuman [gA, IgG, IgM (Behring-Werke 
AG, FRG) , and rabbit-antihuman C3, washed 5 times, and mounted 
onto microscopic slides in buffered glycerol [9]. They were examined 
using a Zeiss fluorescence microscope with a 2-mm UV1 exciter fLlter 
and a Wratton 2B barrier filter. 
Since no direct control of nonspecific absorption of fluorescein -la-
beled anti-immunoglobulin sera is possible, we performed a control 
with cul tured P. acnes. The bacteria were incubated either with sera 
from patients with acne vulgaris, with patients' sera absorbed 3 times 
with P. acnes strain Beck, strain Gerhard, and P. granulosum, or were 
treated with saline. After thorough washing, the bacteria were incu-
bated with fluorescein-labeled anti -lgG and anti-C3. 
Quantitative Determination of Immunoglobulin A, G, and M and 
Albumin 
The 3 immunoglobulin classes and albumin were determined using 
low-concentration immune diffusion plates (LC-Partigen, Behring-
Werke AG , FHG). 
Collection and Extraction of Comedones 
After wiping the skin with 70% alcohol, opened and closed comedones 
were extracted from the skin by manual pressure. Blood contamination 
was carefully avoided. Comedones from one patient were pooled, the 
weight determined and, per 10 mg comedo material, 100 III PBS added. 
Per patient, 20-40 comedones were extracted with an average wet 
weight of 30-60 mg. After thorough mixing, blood contamination was 
exclude'd by a hemoglobulin-detecting test based on a benzidine reac-
tion (Haemocult, Hohm Pharma, FHG). In some patients comedones 
were obtained by the cyano-acrylate technique [14]. The material 
obtained by this technique was used only for immunofluorescence 
microscopy. 
Patients 
All patients were from our outpatient department. The patients were 
divided into several groups accord ing to the severity of acne and 
treatment. The comedonal extracts from each patient of each group 
were tested separately. The characteristics of the single groups are 
shown in T able 1. 
RESULTS 
In Table II the albumin and immunoglobulin content (Ilg/ml 
wet weight) in comedonal material of the various groups is 
shown. Albumin and IgG were detected in a ll samples. Some 
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IgA and IgM (extract from pustular lesions) was found in 
add ition, only in group 6. All samples except group 6 conta ined 
2-3 times more IgG than albumin. The amount of IgG and 
albumin in the various samples was not significantly different, 
a lthough slightly less IgG and a lbumin was found in group 5. In 
Table III the results of the anti-Po acnes antibody determina-
tion in t he various samples as determined by the anti-immu-
noglobulin test are presented. No a ntibody could be detected 
by the direct passive h emagglutination test. In the anti-immu-
noglobulin test, antibody of the IgG type could be demonstrate d 
in all samples tested; no difference of a n t ibody titer was ob-
served in the various groups. No antibodies of the other im-
munoglobulin classes were found in the comedonal extracts. 
Antibody directed against the P. acnes antigen(s) was a lso 
determined in the serum of the patients (Table IV). Most of 
the antibody activity was associated with the IgG class. The 
antibody titers between the various groups were not signifi-
cantly different, although the groups with inflammatory acne 
vulgaris appeared to have somewhat higher a ntibody amounts 
against P. acnes than the noninflammatory group 1. In Table 
V the results of the immunofluorescence-microscopy of anti-
body-coated bacteria in the comedones are shown. Most of the 
bacteria found in the comedones of the various groups showed 
a bright fluorescence with an anti-IgG. Included in this study 
were comedones extracted from the skin by the cyano-acrylate 
technique. In this group a bright fluorescence of the bacteria 
with anti-IgG was observed. ALmost no fluorescence was found 
with anti-IgA, anti-IgM, and a nti-C3 except in group 6 (pus-
tules) where, in addition, a bright fluorescence was observed 
with anti-C3. Some fluorescence was also observed with anti-
IgA and anti-IgM in this group. Approximately 90% of bacteria 
in the comedonal material showed fluorescence and by mor-
phology these resembled the gram-positive rod-shaped bacteria 
identified by Gram's stain and light microscopy. 
Using cultured bacteria as a control for nonspecific absorp-
tion of fluorescein-labeled anti-immunoglobulin sera (see under 
Materials and Methods) we observed positive bright fluOl'es-
1 
2 
3 
4 
5 
6 
TABLE 1. Characterization of patient groups involved in the study 
Mell n duru-
Group No. of patients Mean age in tion (years) years (range) of disease (range) 
Acne cornedonica 12 22 6 
(16-29) (1-10) 
Acne papulopustular 17 21 6 
(18-25) (2-10) 
Nodular acne 13 21 5 
(15-27) (1-14) 
Comedones from 12 58 
older persons (40-79) 
("burned out" acne) 
Tetracycline (oral)- 7 19 5 
treated patients (18-26) (2-10) 
Pustular content from 5 18 4 
patients with in- (16-21) (2-7) 
fl am rna tory acne 
TABLE II. Albu.min and immunoglobulin content in comedonCtl 
extracts 
Protein I'g/ mg" 
Group 
.Albumin IgA IgG IgM 
1 0.53 ± 0.5" 0.1 1.34 ± 0.94 0.1 
2 0.5 ± 0.5 0.1 1.57 ± 1.1 0.1 
3 0.49 ± 0.49 0.1 0.92 ± 0.60 0.1 
4 0.25 ± 0.33 0.1 0.92 ± 0.77 0.1 
5 0.15 ± 0.1 0. 11 0.51 ± 0.33 0.11 
6 2.66 ± 1.56 0.13± 0.1 1.27 ± 0.3 0.41 ± 0.27 
" Wet weight of comedones. 
"Mean ± S.D. 
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TABLE III. Determination of anti·P, acnes antibody in comedonal 
extra,cts by the anti·imm.unoglobulin test 
Group IgA IgG IgM 
1 < I 3.6 ± 2.9" <1 
« 1-6) 
2 < 1 4.0 ± 2.4 < 1 
« 1-6) 
3 < 1 3,0 ± 2.6 < 1 
« 1-6) 
4 < I 2.7 ± 2.8 < 1 
« 1-7) 
5 < 1 2,3 ± 2,9 <1 
« 1-6) 
6 1.2 ± 2.68 4,8 ± 2,6 <1 
« 1-6) « 1-9) 
The distribution of single values was similar in each group; 1-2 
samples in each group had no detectable antibody « 1). 
" Mean ± standard deviation (S.D,) in log, of reciprocal hemagglu-
tination titer (range). 
T ABLE IV , Anti·P. acnes antibody titer and class in serum 
Anli-immullogiobulin test with Serum antibody 
Group titer in passive 
Anti-lgA Anti-lgG Anti- lgM hemagglu tination 
I l.0 ± 0.9 5,3 ± 2,3" 2, 1 ± 1.3 7,5 ± 1..3" 
2 1.8 ± l. 8 7.4 ± 2.4 2.4 ± 1.8 7.5 ± l.6 
3 0.2 ± 0.4 7,5 ± 2,5 1.9 ± 2,0 7.5 ± 0.8 
4 1.2 ± 1.0 6,3 ± 2.0 0.8 ± 0.9 6,0 ± 2,1 
5 2.0 ± 1.9 8.5 ± 2,0 3.7 ± 1.9 8.0 ± 1.9 
6 2,2 ± 2,7 8,6 ± 4,(; 2.6 ± 1.8 8.6 ± l.5 
"These values represent the addi tional hemagglutinating activity 
obtained by adding anti-immunoglobulin antibody to the system; star t-
ing dilution of the serum for the anti-immunoglobulin test was the 
serum antibody titer as determined by passive hemagglu tination (group 
1 = 7,5 = 1/ 128). 
/, Log, reciprocal hemagglutination titers, 
TABLE V. [mnwno(lliorescence· m.icroscopical determina.tion of 
antibody-coated bacteria in com,edones 
Group 
2 
3 
4 
5 
6 
Single come-
dones" 
IgA 
1 
1 
ND" 
IgG 
3,30" 
(3-4) 
3.2 
(2-4) 
2,8 
(2-4) 
2.6 
(2-4) 
2.9 
(2-4) 
2,8 
(1-4) 
3.5 
(3-4) 
IgM 
1.0 
(1-2) 
ND 
C3 
2.4 
(1-4) 
ND 
" Intensity of immunoflu orescence was evaluated using an arbi trary 
scale from 1-4: 1 = no, 2 = wea k, 3 = strong, 4 = very strong 
immunoflu orescence. The results are expressed as mean (range) im-
munofluorescence intensity of one group; comedones from 1 patient 
were pooled, 
" Obtained by the cyano-acrylate technique. 
" ND: not done. 
cence on bacteria incubated with the sera from patients with 
acne vulgaris; no fluorescence was observed on bacteria treated 
with the absorbed serum or PBS. It is concluded fTom this 
experiment that the t1uorescein-labeled anti-IgG and a nti-C3 
did not fix nonspecifica lly or via antibody activi ty in these 
preparations to the bacteria in the comedones. 
DISCUSSION 
In the present investigation we were a ble to demonstrate IgG, 
albumin, and IgG antibodies directed against P. acnes in ex-
tracts from noninflamed comedones. It was importan t to ex-
clude ar t ificial contamination of the extracts by blood or extra 
cellulal' fluid. Contamination seems to be very unlikely because 
(1) blood was excluded by the absence of hemoglobi;1, (2) less 
a lbumin was found in t he comedonal extract tha n IgG (contrast 
to the findings in pustular extracts which may be expla ined by 
serum contamination) , and (3) antibody on bacteria morpho-
logically r esembling P. acnes or P. granulosum could be dem-
onstrated by immunofluorescence microscopy even in material 
that had been obtained by the cyano-acrylate technique; this 
technique minimizes the risk of artificial contamination. 
The presence of IgG and a nti-Po acnes antibody in fo llicular 
contents has so far not been reported. Lees et al [15] found 
alpha- and beta-globulins in detergent-soluble fractions of pu-
rified concentrated comedo samples, bu t did not find albumin. 
The analysis of the water-soluble fraction of open com edones 
by Hernandez and Puhvel [16] revealed a lbumin and zinc alpha-
2-g1ycoprotein among the constituents of comedones. 
Antibodies directed to P. acnes have been found to be present 
in t he sera of acne pat ients and in normal persons [17, 18]. Most 
of the antibody activi ty in the serum is associated with the IgG 
class, although some of the activity is also found in the IgM 
a nd very little in the IgA class, as shown in our study. It can be 
assumed that the albumin, t he IgG and the IgG antibody in the 
comedonal extracts is most likely derived from th e serum; 
however, mere diffusion appears not to be the likely mechanism 
by which IgG arrives in the comedo because more IgG t han 
albumin is found in the extracts. Possibly IgG associates partic-
ula rly with epidermal cells and is then concentrated in the 
foll icular lumen by t he shedding epidermal cells. Fisher [19] 
demonstrated IgG in normal epidermal cells. Another expla-
nation might be that IgG is secreted into th e pilosebaceous 
lumen. Immunoglobulins have been detected in human ear wax 
[20] and may therefore be secreted onto the skin surface. 
The role of anti-Po acnes antibodies in comedones for t he 
pathogenesis of inflammatory acne vulgaris is unclear. No sig-
nificant differences of albumin, IgG, and antibody were found 
in the different groups with or without inflammatory acne 
vulgaris of increasing severity. Some reduction of both compo-
nents was found in the group of patients under tetracycline 
treatment (not significant) . Antibody either may be protective 
or may add to the inflammatory response by producing immune 
complexes which activate complement. Our study showed t hat 
ant ibodies ar e present in th e follicular lumen at a stage where 
no inflammation is detectable; however, no C3 was fixed on t he 
surface of the bacteria fI:om uninfla med comedones, while in 
inflamed comedones C3 could be detected , We tested for ant i-
body directed against cell wall components of P. acnes only. 
But it seems possible that antibodies may also be produced 
against various pathogenetic important factors released by t he 
bacterium, such as exoenzym es. The antibody response to such 
factors may contribute to the pathogenesis of inflammatory 
acne vulgaris. 
We would like to thank Mrs. E. Konigsbuscher for excellent technical 
assistance and Mrs, B. Scheibel for typing the manuscript. 
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Evaluation of. Cutaneous Blood Flow Responses by 133Xenon Washout and 
a Laser-Doppler Flowmeter 
M E RETE ENGELHART, B.M. AND JOHANNES K. KRISTENSEN, M.D. 
University of Copenhagen Department of Dermatology, Rigshospital, Copenhagen, Denmarll 
A new method for noninvasive measurement of cuta-
neous blood flow is laser-Doppler flowmetry. The tech-
nique is based on the fact that laser light is back-scat-
tered from the moving red blood cells, with Doppler-
shifted frequencies; these impulses lead to photodetec-
tors and are converted to flow signals. In this work we 
u sed a new system with a low noise level. Comparison 
was made between this technique and the atraumatic 
epicutaneous l33Xenon technique for measurement of 
cutaneous blood flow during reactive hyperemia and 
orthostatic pressure changes. The laser-Doppler flow-
meter seems to measure blood flow in capillaries as well 
as in arteriovenous anastomoses, while the 133Xe method 
probably measures only capillary flow. A calibration of 
the laser-Doppler method against the 133Xe method 
would appear to be impossible in skin areas where ar-
teriovenous anastomoses are present. The changes in 
blood flow during reactive hyperemia, orthostatic pres-
sure changes, and venous stasis were found to be parallel 
as m easured by the two methods in skin areas without 
shunt vessels. The laser-Doppler flowmeter would ap-
pear to be a useful supplement to the 133Xe washout 
method in cutaneous vascular physiology, but it is im-
portant to keep in mind that different parameters may 
be measured. 
A new noninvasive method for measurement of cutaneous 
blood flow is the laser-Doppler flowmeter [1-7]. Monochro-
matic ligh t from a laser is led by an optical fiber to a skin area, 
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which is perm eated by the light to a limited depth. According 
to the principle of Doppler, the laser light is back-scattered 
with shifted frequencies when reflected from moving elements 
such as red blood cells. When reflected from s tatic structures, 
the frequencies are not shifted. Because of the complexity of 
the microvascular network, the red blood cells have different 
velocities and the laser beam reaches the cells at varying angles. 
As a result, the original laser light is refl ected in a broad 
spectrum of varying frequencies. In the techniques described 
earlier, syst ems were used where parts of the reflected light, 
both shifted and nonshifted , were beating together on the 
surface of a photodetector. With this method, the noise level 
was high. In our experiment, therefore, we used a new technique 
with which the noise level possibly could be reduced signifi-
cantly [2]. 
To find a closer relationship between the microcircula tion in 
vivo and the Doppler signal, it was necessary to compare the 
method with other methods m easuring cutaneous blood flow. 
Holloway and Watkins [1] and Stern et al [5] compared the 
laser-Doppler method with the washout of intracutaneously 
injected l:laXe on the forearm. These methods, however, cannot 
be compared directly because (a) the skin was traumatized by 
the injection of the tracer, resulting in a local vasodilatation 
with increased blood flow [8- 11], and (b) the laser-Doppler 
system m easures only to a limited depth in the skin, while the 
J:
J3Xe washout takes place in both the cutis and subcutis. In the 
following experiments we compared values obtained with the 
laser-Dopple r flowmeter with those obtained with the atrau-
matic epicutaneous l:JaXe application technique . This latter 
technique eliminated traumatic vasodilatation, permitt ing di-
rect comparison of the two methods. 
MATERIALS AND M ETHODS 
The experiments were performed in 4 normal persons, aged 39 to 60, 
who adjusted to room temperature at 23°C for at least 30 min before 
the measurements wel·e started. Informed consent was obta ined. 
